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Nuclear Modifications
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* Nucleons bound in a nucleus by the strong force — requires
modifications compared to a free nucleon

» Modifications classified in terms of Bjorken x

» Fraction of the nucleon’s momentum carried away by the
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1D Inclusive
v, Cross-section

* Measure cross-section of v, + 4 — ut+Xx

in Fe, Pb, and C, and extract differential
cross-section ratio of nuclear target to

scintillator
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1D Inclusive
v, Cross-section

- Signal definition: Charged-current v, in given
target and material, with muon 2 GeV < E;, <
50GeV (and 6, < 17°)

« GENIE 2.12.6 with MINERvVA modifications

* Flux constraint using neutrino-electron
scattering

» \Vertex reconstructed using machine learning
(ML) — deep convolutional neural net

Estimated number of events in Fe including
all ME antineutrino runs ~ 2.5 - 10°
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Migration & High Bjorken x region

MINERvA work in progress  1arget 3 Iron o
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B Why x > 1.0 region?
« Estimated eventsin Fein 1.0 <x< 2.2 bin =~ 2.5-10%

* Nucleons in nuclei: wave-functions can overlap —
short range nucleon-nucleon correlations (SRC)

» Theoretical predictions that at p > pz: SRC dominant
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» From electron scattering data: 2-nucleon SRC plateau
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* atx > 1.5
- 0 0 o 5 5 ; ; 5 B » Scattering from nucleons in SRC: data on the
modification of deeply bound nucleons
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Reconstructed Bjorken x

» Detector resolution and reconstruction - smearing

« Unfolding to true distribution: introduces model bias and/or
statistical fluctuations
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Conclusions & Next Steps

« MINERvVA: cross-section measurements and measurements of nuclear modifications
 ME data in targets are being analysed!

« Important handle to probe and understand nuclear effects

1D Inclusive v, Cross-section Measurement (E,, x)
* Include the rest of ME antineutrino runs + unfolding — extract cross-section

« High Bjorken x region: modify GENIE predictions/account for lack of modelling in x > 1.0

« Perform equivalent analysis for the scintillator in the tracker to report ratios
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BACK-UP
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Model Information

» GENIE version 2.12.6

» RPA suppression to better simulate CCQE:
arXiv:1705.02932 (2017) [hep-eX]

* Reduced non-resonant pion production:
Eur. Phys. J. C76, 376 474 (2016)

» Decreased non-resonant pion production by 43%

« Added + enhanced Valencia 2p2h:
Phys. Rev. Lett. 116, 071802 (2016)

» Integrated over all phase space, the rate of 2p2h is
increased by 50% over the nominal prediction

Imperial College
London

Modified from Phys. Reuv. Lett., 120, 221805 (2018)
Antineutrino inclusive CC on CH (LE) with low momentum transfer

0.4< qS/GeV <0.8 0.4 < qS/GeV <0.8
QE QE+RPA
¢ L
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Efficiency/Acceptance Correction

» Lowered by requiring MINOS matched events

* Allow for out of fiducial volume and 6, > 17° events to migrate in and out — efficiency/acceptance corrected

selected signal events

ef ficiency = -
total signal events Target 3 Iron Target 3 Iron
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